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SUPPLEWNTARY REPORT ON G E O m C  

INVESTIGATIONS IN SUPPORT OF PHASE 11, PROJECT 

CHARIOT I N  THE VICINITY OF CAPE THOMPSON, NORTHWESTEW ALASKA 

BY 

Reuben Kachadoorian, A. H. Laahenbrwh, O. W. Moore and R. If. Waller 

INTRODUCTION 

BY 

Reuben Kachadoorian 

General Fntroduotion 

1 Since 1958 the U. S. Geological Survey, on behalf' af the A t d a  

Bnergy Commission, has conducted geological studies to develop data which 

MU, contribute to determining the feasibility and safety of detonating 

several nuclear devices to create an excavation at the mouth of Ogotoruk 

Creek, northwestern Alaska. The proposed test excavation is Project 

Chariot of the Atomic Energy Comrmission's Operation Plowahare Program. 

As a result of its Project Chariot investigations to date, the 

Geological Survey has transmitted four reports to the Atomic Energy 

Conrmiesion. They are: 

(1) '%~ngineering geology bearing on harbor site selection along the 

northwest coast of Alaska from H a w  to Point   arrow", by 

T. I. PA&, D. M. Hopklns, and A. H. Iachenbruch, 1959, !LlEI-m. 

(2)  "Geology of the Ogotoruk Creek area, northwestern Alaska", 

by Reuben Kachadoorian, R. H. Campbell, C. L. Sainsbury, and 

D. W. Scholl, 1958, TEM-976. 



2 

( 3 )  "Marine geology and bathymetry of the nearshore shelf of the 

Chukchi Sea, Ogotoruk Creek area, northwest Alaska", by D. W. Scholl 

and C. L. Sainsbury, 1959, TEI-606. 

(4) "Geologic Investigations in support of Project Chariot in the 

vicinity of Cape Thompson, n~rthwestem Alaska--Preliminary 

Report", by Reuben Kachadoorian and others, TEI-753. 

The Geological Survey investigations in support of ProJect Chariot 

Phase 11 consisted of six parts: (1) site geologic investigations, 

(2) areal geologic napping, (3) coastal processes investigations, (4) geo- 

thermal investigations, (5) seismic velocity investigations, and (6) water 
9 

resources investigations. Seismic velocity investigations were in two 

categories; in-hole velocity and seismic refraction studies. Water resources 

investigations were in three categories;sanface water, ground water, and 

quality of water studies. The preliminary results of the Survey's 1959 

summer field work were reported in TEI-753. 

This supplementary report presents significant new geothermal and 

ground water information obtained during the winter and spring months of 

1959-1960. Other Survey Phase I1 technical studies in progress have not 

yielded information that would materially affect the results reported in 

TEI-753. This report also contains observations and preliminary con- 

clusions resulting from coastal processes studies in the field from May 3-9, 

1960. A brief geologic summary also is included. 'The reader, however, is 

referred to the reports previously listed for fu~ther details and additional 
t 

background information concerning the geologic findings to date. 
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Summary of geologic investigations 

The Chariot test site at Ogotoruk Creek in the vicinity of Cape 

Thompson, Alaska (fig. 1) is topographically and geologically well-suited 

for construction of an experimental excavation with nuclear devices as 

proposed by the Atomic Energy Commission. 

The consolidated rocks of the Ogotoruk Creek area consist entirely of 

clastic and chemical sediments of marine and brackish water depositional 

environments. These sediments include sandstone, calcitic and dolomitic 

limestone, chert, argillite, mudstone, siltstone, and graywacke. Although 

the rocks have been highly deformed, they are only slightly metamorphosed. 

The bedrock is overlain by unconsolidated deposits as much as 50 feet thick 

consisting of ancient beach deposits, terrace deposits, colluvium, silt and 

sand, flood plain deposits, alluvial fan dpposits, swamp deposits, and 

beach deposi ts . 
The consolidated rocks range in age from Early Mississippian to 

~urassic(?) and Cretaceous while the unconsolidated sediments are of Recent 

age. Permafrost exists generally within 1 to 2 feet of the surface in 

areas underlain by unconsolidated deposits. Depth to top of permafrost in 

bedrock areas Is unknown but believed to be less than 10 feet. 





The Chariot test site is underlain chiefly by mudstone, siltstone, 

and sandstone of the Tiglukpuk formation of ~urassic(?) age. These rocks 

are overlain by as much as 30 feet of unconsolidated deposits consisting 

of flood plain deposits, colluvlum, silt and sand, and terrace deposits, 

Test holes Able and Baker indieate that device placement as now planned 

will be entirely in frozen mdstone containing numerous small faults. The 

fault zones are generally less than 1 foot thick. In Hole Baker, however, 

there is a 14.1-foot fault zone. In addition to the faults, the mudstone 

is so highly fractured that it occurs as splinters 1/8- to 114-inch thick, 

1/20 to 1-inch wide, and about 3 inches long. 

During the drilling program in 1959 the walls of Holes Able and 

Baker slumped into the bottom of the holes when the relatively  warn^ 

drilling fluid thawed the permafrost in the mudstone and the overlying 

unconsolidated deposits. This slumping of the walls prevented drilling 

Hole Able to its required depth of 1,000 feet and Hole Baker to its required 

depth of 1,500 feet. It became necessary to stop drilling Hole Able at 

598 feet and Hole Baker at 1,172 feet. 

The results of geothermal investigation are discussed in a later 

chapter in this report and therefore are not included in this s~mmaq. 

Seismic measurements conducted in 1959 in the frozen Tiglukpuk rocks 

indicate velocities ranging from 11,500 to 14,500 fps (feet per second) and 

averaging about 13,500 as. Surface refraction measurements suggest a 
slight increase of velocity with depth, but this increase wlth depth is not 

supported by the in-hole velocity logs of Hole Able, 

'RE beach at the Chariot test site is in a relatively steady-state 

condition and is eroding at a rate of about 1 to 2 feet a century. The 

net alongshore transport of sediments is approximately 5 cubic yards an 

hour to the southeast during the ice-free pel-lods, During heavy storms, 



however, transport may be as much as 1,000 cubic yards per hour. 

Shallow aquifers consisting principally of unconsolidated material and 

deep aquifers5&pmmable portions of bedrock exist in the area. The shallow 

aquifers depend upon recharge from surface sources during the summer and 

athe deep aquifers receive recharge water from distant sources. Both types 

of aquifers may be contaminated by any radioactive fallout from the pro- 

posed nuclear test. The shallow aquifer would receive contaminated surface 

water immediately, whereas the deep aquifers may take several years to 

receive the contaminated recharge water. 

The suspended sediment discharge of Ogotoruk Creek can be coneidered 

minor compared to the size of the proposed excavation. The chemical compo- 

sition of the waters indicates springs as well as surface water exist in 

the vicinity of the Chariot test site. The radiochemical levels of fresh 

waters are low and in the same order of magnitude as normally found 

throughout the United States. The highest beta activity of the fresh waters 

was found in the two ponds about 6 miles north of the test site. This high 

beta activity might be ascribed to fallout which has accumulated from previous 

nuclear detonations which has not been flushed out due to lack of natural 

drainage. 

Surface water studies indicate that for all practical purposes no flow 

occurred in Ogotoruk Creek from October 1, 1958 to late May 1959. There may 

be some flow on certain days but amounts are probably too low to be con- 

sidered of any importance. No definite conclusions can be drawn from the 

limited streamflow records obtained thus far, except that little flow is 

likely between mid-October and mid-May. 



PRELIMINARY INTERPRETATION OF GECrrHERMAL DATA 

FROM OGOTORUK CREEK, ALASKA 

BY 

Arthur H. Lachenbruch 

Introduction 

During the winter of 1959-1960 additional geothermal data from Holes 

Able and Baker at the ProJect Chariot test site were obtained and analyzed. 

As a result of this additional information it is now possible to offer a 

few preliminary interpretative comments to supplement the descriptive 

material presented in the chapter on geothermal studies in TEI Report 753 

(1960). These comments are preliminary because some of the temperatures 

are still diqwrbed appreciably by the thermal effects of the initial 

drilling, and because data have not yet been obtained from the critical 

500- to 1,000-foot depth interval. As explained in the earlier report 

(TEI-753), temperatures at depth are important to an interpretation of 

thermal events at the surface. Such temperatures were not obtained last 

summer owing to difficulties in drilling and thermal cable installation. 

Recent temperature observations at Holee Able and Baker 

Mr. Harry Spencer, Holmes and Narver, Inc. representative at the 

Chariot Bite, has taken 10 sets of measurements which postdate the 

September 22, 1959 data presented in TEI-753. The most recent set, 

taken April 17, 1960, is presented graphically in figures 2 and 3. As 

of that date all thermal elements to a depth of 365 feet in Hole Baker 



were evidently operating satisfactorily (fig . 2). The thermistor at 465 

feet in Bole Baker became inoperative after the December 22, 1959 reading, 

which Is also shown in figure 2. All data taken below 500 feet were 

erratic and evidently unreliable. Hole Baker was obstructed at the 500-foqt 

depth and below by caving debris which damaged the lower part of the cable 

o n installation. 

At least 4 of the 18 thermistors in Hole Able are yielding unreliable 

data, probably as a result of punctures in the cable Jacket occurring 

during the difficult installation of the thermal cable (fig. 3). However, 

the remaining data are adequate to characterize general aspects of the 

thermal regime at Hole Able to the depth available, 585 feet. 

Dissipation of drilling disturbance and estimation of 

mean annual surface temperature 

The temperatures are decreasing more or less systematically at all 

depths in both holes as the heat introduced by drilling is dissipating. 

According to theory (~achenbruch and Brewer, 1959) a plot of successive 

temperature measurements at a single depth vs. log should yield a 

straight line. Here t is the time elapsed since the drill bit first 

reached the depth in question, and t-s is the time elapsed since dril- 
t-s 

ling ceased. Extrapolation of this line to infinite time (log - -- 0) 
t 

ylelds the equilibrium temperature, the quantity of primary importance. 

The method is illustrated in figure 4 with data from the Ilk-foot depth 

at Hole Baker. The good alignment of points is a tribute to the 

observer, Harry Spencer. Extrapolation to infinite time yields an 



T E M P E R A T U R E  ( O C )  

-7 -6 - 5 - 4 - 3  - 2 

ryVr 2. !&mperature .aamremmtr at Bole Baker. Linear portion of curve 
ertrrgplated downvrrd to eotlmate penrairost thicknees, and upmud to eatinate 
marface temperature at &art of cli.rrtic w e .  



T E M P E R A T U R E  ( O C  ) 
- 7 -6 - 5 - 4  - 3 - 2' - I 

Figure 3. lkmprature 1cuuremmf8 of April 17, 1m at Bole Able. 
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T I M E  SINCE COMPLETION O F  DRILLING, T - S ,  ( D A Y S )  

t - s  
7 

t 
Figure 4. 'Mssipation of the thermal ancrmaly due to drI11ing at 

114-foot depth in Hole Baker. . 



equilibrium temperature of -5. 6 5 O ~ .  The d r i l l ing  disturbance remaining 

a t  the time of the l a s t  observation (about 9 months a f t e r  completion of 

dr i l l ing)  me about 0.15'~. About half of this can be expected t o  

dissipate i n  the next 10 months. 

Because of the mall thennal gradient i n  the upper 100 fee t  a t  Role 

Baker (fig.  2), the equilibrium temperature a t  the 114-foot depth can 

be used as a generalized value fo r  the mean annual temperature of the  

ground surface i n  tundra covered portions of the in ter ior  of Ogotoruk 

Creek Valley. This mean temperature, which represents an averaging out 

of small-scale microclimatic e f fec ts  and random, short-term annual 

climatic fluctuations, cannot be obtained from surface measurements 

without several years' continuous observation at  a number of cost ly 

stations.  

Applying the analysis t o  Hole Able, we f ind tha t  temperatures t o  

the 104-foot depth are currently about 0.1'~ from the i r  equilibrium 

values, and below 180 fee t  the anomaly i s  generally less .  A t  the 

154-foot depth, however, the d r i l l i n g  disturbance i s  evidently about 

three times as  great. This is  the expected ef fec t  of the heat of 

hydration of cement, injected during d r i l l ing  t o  stop caving a t  the 

150-foot horizon. With f'urther dissipation of the cementing anomaly it 

i s  l ike ly  tha t  much of the  curvature i n  the 100- t o  200-foot portion of 

the temperature profi le  for  Hole Able w i l l  vanish. The extent t o  

which t h i s  curvature persis ts  i n  the equilibrium profi le  w i l l  have 

an important bearing on the reconstruction of recent shoreline movements. 



Thermal effects of bodies of water and shoreline history 

In high latitudes the mean temperature of the perenially thawed 

sediments beneath bodieed water is appreciably greater than the mesn 

annual temperature of the emergent land surface. Therefore when a shore- 

line moves the temperature of part of the earth's surface changes 

radically and the resulting geothermal anomaly propagates slowly down- . 

ward and laterally into the earth. Measurement of these anomalies cafi 

yield information on the chronology of past shoreline movements, a 

knowledge of which is f'undamental to an understanding of the geothermal 

regime in coastal permafrost areas (~achenbruch, 1957a). The thenaal 

anomaly that would now occur in Holes Able and Baker from a rapid move- 

ment of the straight shoreline to its present position at various times 

in the past has been calculated theoretically and plotted in figure 5 .  

For these calculations it was neassary to extend previously published 

tablesd the appropriate mathematical function (see Appendix). The 

solution to the three-dimensional problem (Lachenbruch, 1957b) applied 

to the equilibrium effect of Ogotoruk Lagoon on Hole Able is also shown. 

The calculations are based upon an assumed difference in mean temperature 

between land surface and ocean bottom of ~OC, and a thermal diffusivity 

2 -1 
for the earth materials of .0075 cm sec . Errors in the estimates 
of these quantities probably do not exceed 10 or 20 percent and should 

not affect the order of magnitude of the results. Figure 6, curve I 

shows a very preliminary, if not premature, eetimate of the difference 

between predrilling temperatures at Holes Able and Baker. Curve1 is 

an estimate of what the.difference would be if the ground were in 



C A L C U L A T E D  T E M P E R A T U R E  A N O M A L Y  ( O C )  

0" 1 O 2" 3" 0" 1 O z 0  

Pigure 5.  Calculated temperature anmaly due to ocean and lagoon at Holes Able 
and Baker. Solid lines are the effect at time t of a rapid mement, at time 
t-0, of the straight rhoreline to the present poeition. Broken line share 
equilibrimn effect at lagoon on Bole Able. 
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Figure 6 .  Cumre I is  the estimsted difference in  predrilling 
tanperatures at  Boles Able and Baker. Curve I1 is an 
eatinrate of what the difference would be if thermal 
equilibrium with prerent shoreline obtained. 



thermal equilibrium with the present shoreline and lagoon configuration. 

Evidently thermal equilibrium does not exist. One logical explanation 

for these data is that the shoreline in general is transgressing, but 

that the lagoon has been filling in. However, in view of the compli- 

cated geometry and transitory nature of the lagoon, the persistence of 

the drilling heat, and the absence of data from the 500- to 1,000-foot 

interval, calculation of rates for these processes is not warranted at 

the present time. 

PennaFrost distribution 

An analysis of details of the distribution of permafrost must 

await the analysis of shoreline events and the measurement of temper- 

atures at greater depth. Hence only a few comments will be made at 

this time. 

Linear extrapolation of data from Hole Baker (fig, 2) indicates 

a permafrost depth of about 1,200 feet. The extrapolation is, in this 

instance, uncertain but not unreasonable. Inasmuch as the preliminary 

analysis indicates a marine transgression, it is unlikely that temper- 

atures in Hole Baker are Wsturbed appreciably by the ocean, Thus this 

1,200-foot depth, if valid, would represent a general inland value, If 

however, the shoreline had been stable (t=-, fig. 5 ) ,  the permafrost 

depth at Hole Baker would Mve been reduced by about 250 feet. 

Linear extrapolation to the O'C depth is more uncertain and less 

reasonable at Hole Able than at Hole Baker, It yields a local perma- 

frost thiclmess of about 1,000 feet (fig. 3). At any rate it is clear 

that permfrost is thicker and mare extensive near the shoreline than 



would have been anticipated from an equilibrium theory. Under the influ- 

ence of a stable shoreline, permafrost thickness would have varied from 

about 600 feet  a t  Hole Able t o  zero a t  the shoreline. 

Recent climatic change 

If temperatures a t  Hole Baker were i n  equilibrium with the current 

thermal regime a t  the surface, the profile would, i n  th is  instance, be 

very nearly linear below the 50-foot depth. The curvature i n  the upper 

250 feet  (fig. 2) evidently represents a distinct and systematic in- 

crease i n  mean annual temperatwe a t  the ground surface. A rough 

theoretical calculation indicates that th is  change, which currently 

 mounts to  about 1°c, is  confined t o  the l a s t  century, probably the 

laat 50 years, It is l ikely that it is still in progress. It is 

somewhat smaller but no less dist inct  than a contemporaneous change 

diemred  from geothermal data at Barrow and Cape Simpson (~achenbnrch 

and Brewer, 1959). A more complete analysis of the problem w i l l  be 

undertaken when more data are available. 

Although th i s  change evidently represen* a systematic climatic 

trend, it is  not necessarily associated with an increase i n  mean 

annual a i r  temperature. Subtle changes i n  any of several climatic 

m e t e r s  can effect a change i n  mean annual ground surface temper- 

atures. These changes are often di f f icul t  i f  not impossible t o  

detect from surface observations, even when continuous records are 

available over a period of several decades. In  th i s  problem, ara i n  

that  of determining generalized mean surface temperatures or df 



reconetructing shoreline movements, andysie of the the& regimae st 

depth can yleld more i n i o ~ t i o n  about the surface than c8n ourface 
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Appendix: Ext-lon of tablee of the Nnction 

In  conputing the information summarized in figure 5 it was neceesary 

t o  extend tables of the f h c t i o n  f defined by 

where 

x=horizontal distance frm ehoreUne (*o inland) 

z=depth beneath ground surface 

adhenna1 d l f ~ i v l t y  of ground material6 

t=tlme since shoreline movement 

The derivation and use of th i s  function, and the original tabulation 

are explained in  the Geological Society of America -per cited (1957b). 

Vith the eupplementary tables that follow it 18 possible t o  t rea t  all 

ranges of the parametere l lkely t o  be encountered i n  the& studies 

a t  the Ogotoruk Creek Chariot t ee t  s i te .  
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Table 1.--The function ' f (Z,  m) for calculation of the seaward geothermal disturbance 

, due to the ocean 



Table 1.--The function f ( 2  m) for calcfilation of the seaward geothermal disturbance 
z ' 

due to the ocean--continued 



Table 2. --The m c t i o n  T(:, m) for calculation of the inland geothermal disturbance 

due t o  the ocean 
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OBSEXVATIONS OF COASTAL PROCESSES W THE VICINITY 

OF CAPE THOMPSON, ALASg,  FROM MAY 3 TO MAY 9,  1960 

BY 

George W. Moore 

I n t  roduct 10% 

A 2-man U. S. Geological Survey.'field team went in to  the Cape 

Thompson area In ear ly  May 1960, t o  make observations t o  ascertain the 

roles of winter i ce  and spring break-up i n  the coastal processes of the 

area. This report is  based on observations made from M a y  3 t o  Ha# 9, 1960, 

and i s  Included in this supplementary Chariot Phase I1 reprrrt .although the  

work was done under the Chariot Phase I11 program* Break-up of the la rger  

streams and r ivers  had not occurred on the l a s t  day of the observations and 

therefore break-up information i s  not included i n  t h i s  report. 

Climate 

On the f i r s t  two days of the observation period, the weather was 

clear  and calm and temperatures were relat ively warn, Snow was melting a t  

the town of Kotzebue and water was running onto the margins of the sea ice. 

The ground surface a t  Kotzebue was generally f r ee  of snow although som 

large d r i f t s  remained where the snow had accumulated during the winter. 

Planes were landed and parked on the  sea i c e  In Kotzebue Sound but it was 

becoming increasingly d u f i c u l t  t o  get out t o  them because of the be l t  of 

water about 50 f e e t  wide and 6 Inches deep t h a t  fronted the shore. 



During the l a s t  f ive  days of the observation p e r i d ,  the weather 

became progressively worse. The temperature was generally below 

free-, Winds ranged up t o  about 12 miles per hour and a ve* l igh t  

snow f e l l  almost o o n t i n ~ ~ ~ ~ l y .  The snow wa8 in the form of small 

p e l l e t s  during the colder periods and i n  the  form of large wet f lakes 

d.oring the wanner psriads, Total snow fall. during the five-day obser- 

vation period was not more than an inch. 

Sea i c e  

Sea i ce  i n  the v ic in i ty  of Kotsebue was almost perfectly f l a t .  Fgrther 

seaward, however, i n  the Kotzebue Sound along a l i n e  between Cape Espen- 

berg and Cape Krusenstern the i c e  was characterized by pressure ridges. 

From Cape Krnsenstern north t o  Point Hope, the  i c e  was generally broken 

and ridged. In the v ic in i ty  of Cape Thompson and the Chariot t e s t  s i t e  

the i c e  resembled a terrazzo f loor  i n  t h a t  the  individual f l a t  sheets of 

ice,  which were several tens of f ee t  across, had froaen together again. In 

many places the  sea i c e  contained broad areas of  open water ~r "leadan 

generally a mile o r  more wide and located several miles offshore. 

Locally, the leads came f a i r l y  close t o  shore but there was always at  

l eas t  several hundred fee t  of i c e  between the  leads and shore. Two large 

leads were noted during the May 3 t o  May 9, 1960 observation period. One 

extended along Kotzebue Sound from Cape Espenberg seaward and the other 

along the Arctic Coast about 10 miles offshore. 

In  places the sea i c e  had been pressed in to  ridges, e i the r  near the 

shore o r  in an area where large masses of i c e  had been bloun together by 

the wind. When the ridges were along the shore, they were about 25-30 

f e e t  offshore where the  i c e  w a s  grounded on t h e  sea floor.  



Sea level  

Observations indicate t h a t  sea level  fluctuates as  much as 1.3 f ee t  

i n  the a m .  Extending out from shore was a 25 t o  30-foot area of i c e  

bounded on the seaward side by a scarp 2-3 'feet high, below which was the 

general level  of the sea ice.  It appears tha t  the i c e  leve l  was o r i g w l y  

higher and when sea level  f e l l ,  the ice  near the shore grounded and therefore 

remained high. A t  the mouth of the Kukpuk River submerged bars were clearly 

marked by areas where i c e  was pwhed upward 2-3 fee t .  Again it appears 

tha t  the general l eve l  of the sea had fa l l en  and grounded i c e  remained high. 

Numerous small f resh  cracks in the  ice,  probably due t o  t i d a l  action, 

extended para l le l  t o  the shore. 

Two observations were made on the level  of the sea i ce ,  The level  of 

the i c e  was 0.5 f ee t  higher a t  10 a.m. on May 8, 1960 than a t  6 p.m. on 

May 7, 1960. A t  4 p.m. on May 8, 1960 the surface of the sea ice  was 1.3 

f e e t  above the level  a t  which it stood a t  6 p.m. on May 7, 1960. 

Streams and lagoons 

During the relat ively warm period from May 3 t o  May 5 ,  1960, many of 

the streams i n  the area began t o  flow. The streams generally contained 

black, organic-rich water and were all largely f ree  of ice .  Water was 

observed flowing from muskeg areas onto the margins of the lakes and 

lagoons as  w e l l  as in the streams. Southeast of Point Hope, water flowed 

slowly on the surface of the i ce  of the la rger  streams and rivers.  A rela- 

t ive ly  large quantity of water flowed along the  W u l i k  River and over the 

bar a t  its mouth. This water, as  well as other water from streams flowing 

in to  the sea, accumulated on top of the sea i c e  in a narrow bel t .  A t  the 
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mouth of the Kukpuk River during the warm period, %he ice  melted t o  a depth 

c of about 6 inches around the margins of the lagoon amd:'.inlet, Later during 

the  following cold period, the i ce  formed again and was about an inch thick 

on May 9, 1960. 

The large lagoons such as the lagoon behind Cape Krusenstern, C o d  

Lagoon, and Marryatt Lagoon behind Point Hope were a l l  firmly frozen. 

Certain small'lagoons, however, were almost e n t i d y  thawed, and may 

receive some water from warm springs. Tayaschek Lagoon, about 1 2  miles 

north of Cape Krusenstern, was almost en t i re ly  f ree  of ice, and stood in 

sharp contrast with nearby lagoons tha t  were frosen. The i ce  on the 

lagoons and lakes was generally not broken. Usually the ice  i n  the center 

of the lagoon o r  lake stood a foot o r  so below the i c e  along the  margins 

and was warped upward around the sdges. The level  of the ice  was not 

measured on the lagoons with the exception of Marryatt Lagoon, where it 

was the same as t h a t  in the ocean, 

Late i n  the swnner season when the quantity flow in the rivers dinini- 

ah& p a t l y  the balance between the energy of the river and wave energy 

moves in the direction of the wave, thereby causing the mouths of even the 

la rges t  r ivers  t o  begin t o  close by alongshore sediments carried by the 
I 
i 

waves. The mouth of the Wulik River was en t i r e ly  closed and the mouth 

of the Kukpuk River was made substantially smaller by warn l a t e  i n  the  

summer season of 1959. 

Wind erosion 

The strong winter winds ranging up t o  50 miles per hour have important 

sediment-transporting properties in the area. The sea i ce  was discolored 

by windblown sand and sil t  t o  distances of as  much as  a quarter of a mile 



off shore, Within 30-40 feet  from shore, layers of silt and sand as much 

as 6 inches thick overlay the sea ice. Near the shore, the grain size 

of the windblown debris ranged up t o  2 millimeters. Bottles and f ish  net 

f loats  stranded on the shore were frosted by the windblown material an 

the i r  exposed parts, 

Preliminam conclusions 

Framthe evidence obtained during the observation period between 

May 3 t o  May 9, 1960, it appears that a disruption of beach material above 

the waterline is insignificant due t o  i ce  push, Along those parts of the 

8 coast where ice ridges are formed near the shore, thei r  location is always 

- 25-30 fee t  offshore. This actian probably does, however, disrupt the sea- 
4' 

ments where the ice is grounded approximately 6 feet  below the sea level, 

The chief conclusion derived from 'these observatians is  that  winter 

processes in the vicinity of the Cape Thompsan area affect the beach 

material very U t t l e ,  except XwxiUy t o  disturb the sediments a t  a depth 

of approximately 6 feet  belaw the  sea level. The chief effect of the 

winter freeaing i s  generally t o  arrest the coastal processes. Observations 

during the break-up have not b e n  made and its effect upon the coastal 

processes cannot be commented upon a t  this time. It i s  very l ikely that 

occurrences during the spring break-up may have a more significant effect 

upon the beaches than the winter sea ice. 
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WINTER GROUND WATER INVESTIGATIONS IN THE V I C I N I T Y  OF CAPE THOMPSON, ALASKA 

BY 

Roger M, Waller 

Ogotoruk Creek Valley 

The flood plain and creek channel of the lower reach of Ogotoruk Creek 

were observed several times d u r h g  the winter of 1959-1960 f o r  evidence of 

ground water occurrence. After the winter freeze-up, the creek s t i l l  

maintained a flow which was derived from ground water influent from 

adjacent channel and flood plain delposits. The flow was observed beneath 

an 18-inch i c e  cover i n  mid-November. Several icing sheets and creek-ice 

f i ssures  were created as  the water became confined by the downward encroach- 

ment of the ice  cover. The presence of flowing water beneath the i c e  cover 

continued f o r  an u n k n m l e n g t h  of time thereaf ter ,  but is believed t o  have 

stopped about mid-December when the creek bed probably became frozen. It 

was not possible t o  determine whether ground water remained all winter in 

the gravel beneath the frozen creek bed in the lower reach of the stream. 

Snow cover was nagligible during the winter; therefore, the seasonal f r o s t  

penetration probably was very deep. 

Covreruk Springs 

The springs near Cape Seppings, which were named Covreruk Spri~gsy 

maintained a flow throughout the winter. The temperature of the water a t  

one of the springs was 38'~. on April 7, 1960, as  compared t o  38.5'~. on 

September 9, 1959. The t o t a l  discharge of the springs, however, had 

decreased from 22.7 c f s  (cubic f e e t  per second) on September 9, 1959, t o  

6.17 cfs  on April 7, 1960. A water sample was taken t o  determine any 



changes i n  the chemical quality af thva a r  from that  of  prsvious analyses, 1 

The analysis has not been obtained as  yet  and therefore i s  not included 

i n  this report. 

The decrease in discharge of the springs i s  coincident with the 
I 

normal decrease i n  stream f l o w  in northern Alaska during the  winter months. 

The correlation of the  decreasing winter discharge suggests tha t  the 

springs probably d e d v e  t h e i r  supply from a surface stream of substantial  

flow. The discharge of ths ryarigga is e q m b d  to increase as precipitation 

and meltwater replenish the streams and spring systems i n  the summer. 

Springs in Igichuk Hills 

Several springs were reported i n  the  Igichuk Hills, about 100 miles 

southeast of Ogotoruk Creek. One was eas i ly  accessible and was v is i ted  i n  

ear ly  April 1960, A water sample was taken from the associated stream about 

half a mile downstream f r m  .bhe spring. The water and surrounding a i r  had 

a noticeable sulfur odor, The stream temperature was 38O~, whereas the 

air was about 09. The spring probably has a s l ight ly  higher water temper- 

ature than tha t  of Covreruk Springs. 

Covreruk Springs and the  springs in the Igichuk Hills indicate tha t  

ground water ex is t s  the year round within the  permafrost region i n  this 

part  of Alaska. 


